Abstract Deafness is the most common curable childhood handicap. It is a well recognised fact that unidentified hearing impairment can adversely affect optimal speech and language development and therefore academic, social and emotional development. Universal neonatal hearing screening programmes are implemented in many developed countries. However it is still in its early stage in India. The incidence of hearing impairment in India is 1-6 per thousand newborns screened (Paediatrics 19:155-165, 1998; Indian J Paediatr 74(6):545-549, 2007; Status of Disability in India, pp 172-185 2000). To determine the incidence of permanent hearing loss of moderate to evere variety in neonates taking care in a tertiary care rural based hospital in Gujarat. It was a non randomised observational study done for duration of 3 years. All neonates born in Shri Krishna Hospital underwent screening using two stage protocols with DPOAE test and final confirmation done with BERA. Total 2534 neonates were screened out of them 52 failed and 2482 (97.94 %) neonates passed in the 1st DPOAE test with 2.05 % refer rate. Total 7 (2 per 1000) neonates were detected with hearing impairment. 10 % neonates had one or other high risk factor. Out of high risk neonates, 1.8 % were diagnosed with hearing impairment in high risk group. Overall the follow-up rate was 72.7 %. Hospital based universal hearing screening of new born before discharge is feasible at a rural based tertiary care centre. Non specialist staff is invaluable in achieving a satisfactory referral rate with two stage hearing screening protocol. However, more efficacious tracking and follow up system is needed to improve the follow up rate for diagnosis.
Introduction
The incidence of hearing impairment in India is 1-6 per thousand newborns screened [1, 2, 3] . It is well recognised that unidentified hearing impairment can adversely affect optimal speech and language development, and consequently the acquisition of literacy skill, academic, social, and emotional development are adversely affected. There is evidence showing that neonates with hearing impairment whose identification and remediation took place prior to 6 months of age have been enabled to perform significantly better on vocabulary, communication, intelligence, social skills and behaviour that was necessary for success in their later lives [4] . The ultimate goal is to improve access to education and vocational rehabilitation services, and to generate awareness amongst the masses. Over 5 % of the world's population has disabling hearing loss, of which 10 % (32 million) are children. The majority of these children live in middle and low income countries. Congenital causes lead to hearing loss being present at or acquired soon after birth. These can be caused by hereditary or non-hereditary genetic factors or by certain complications that occur during pregnancy and childbirth. Early detection and intervention remains the key factor in minimising the impact of hearing loss on a child's development and educational achievements. The World Health Organisation has quoted that in infants and children with hearing loss, early identification and management through infant hearing screening programmes can improve the linguistic and educational outcomes for each child [5] . Children with hearing impairment would benefit by use of hearing aids, assistive listening devices, and cochlear implants. However, the production of hearing aid devices does not meet the need that has been generated. In the Indian scenario, the situation is further grim. Most developed countries have successfully finalised universal neonatal hearing screening programmes, however in India, such programmes are still nascent. Financial and social constraints have augmented its nationwide application. Hence, the current study was planned to understand the practicality of these protocols in a financially constrained country.
Objectives
• To evaluate the incidence of hearing impairment among neonates in a rural setup.
• To detect permanent hearing impairment of moderate to severe degree in the frequency range important for speech recognition in neonates, at earliest possible time.
• To provide appropriate intervention (medical/surgical/ rehabilitation) following the detection of a permanent hearing impairment.
Materials and Methodology
It was a prospective non randomized observational study conducted over a span of 3 years from February 2012 to January 2015.
Inclusion Criteria
All neonates admitted into Shree Krishna Hospital, Karamsad during the study period were screened for hearing loss prior to discharge from the hospital.
Exclusion Criteria
Cases of congenital meatal atresia were excluded from the study. Parents/grandparents of the neonates were informed and counselled about the study and neonatal hearing screening programme. Each participant's demographic details along with their perinatal and postnatal data were taken, and ear, nose, and throat examination was done. Details were filled in the participants' proforma, in order to identify high risk neonates. All neonates born or admitted during the study period in the SK Hospital, Karamsad, (Anand) underwent hearing assessment using Distortion Product Oto-Ascoustic Emission(DPOAE) as the first level of hearing screening. Neonates who failed the first screening were subjected to a second level of hearing screening after 10 days by performing 2nd DPOAE test. This was done in the Department Of Otorhinolaryngology and Head and Neck Surgery at S.K Hospital, Karamsad (Anand) by a trained health worker using an Intelligent Hearing System Smart (IHS) OAE4.70SN:IHS5267(24:1056)DP-OAE, which is a completely automated analysis system that gives a ''PASS'' or ''REFER'' result. ''PASS'' suggests that the neonate has no hearing impairment in the specific frequency tested and ''REFER'' indicates that the neonate has hearing impairment. IHSDP-OAE passing criteria data were overall 70 % ''PASS'' in all frequencies and 80 % ''PASS'' in frequencies ranging from 1000 to 4000 Hz. Neonates who could not pass the 2nd DP-OAE test underwent confirmatory test auditory brain evoked responses (ABR) also known as brain evoked response audiometry (BERA) at the age of 3 months which was done by the audiologist. Irrespective of the results of the screening test, all the high risk (HR) neonates underwent ABR at 3 months of age. The criteria for high risk(HR) neonates were adopted from the American Joint Committee statement on Infant Hearing screening.(JCIH), 2000 updated in 2007 [6, 7] .
Infants who were found positive for hearing impairment by BERA test showing abnormal wave morphology were advised for remedial measures of audiological rehabilitation, surgical intervention, or medical management.
Results
During the study period, total 2534 (97.42 %) neonates were screened out of 2601 live births. Out of total 2534 neonates, 254 (10 %) had one or more high risk factor. Among the 2534 neonates that were screened initially, 52 (2.05 %) babies failed (Refer) the 1st screening ( Table 1) . Out of these 52 failed neonates, 38 came for follow up (73.07 % follow up rate) for 2nd screening. Out of which, 13 neonates failed the 2nd screening (Fig. 1) . Confirmatory test for hearing-BERA was done in 13 refer/failed neonates which showed abnormal wave morphology in 5 neonates (38.4 %) suggestive of bilateral profound sensorineural hearing impairment and 8 neonates showed normal BERA wave form patterned, thus suggestive of normal hearing. Through our protocol, total five cases were detected with hearing impairment which were confirmed by BERA, while two more cases came to us as their parents suspected impaired hearing at 13 and 18 months. On further testing of these two babies, BERA showed abnormal wave morphology. Therefore, total number of neonates who had bilateral profound sensorineural hearing impairment was seven at the end of the study. All of these seven hearing impaired neonates were sent to the audiologist for rehabilitation for hearing aid trial. One of these neonates underwent further workup for cochlear implant surgery but had a hypoplastic VIIIth nerve which was diagnosed on magnetic resonance imaging (MRI). Two neonates are undergoing a hearing aid trial. The remaining four have under gone hearing aid trials and one is currently undergoing a pre-operative check up for Cochlear Implant Surgery.
There were total 275 (10.57 %) neonates who were supposed to undergo confirmatory BERA testing, 74 (26.9 %) of these were lost to follow up and 7 neonates expired in this duration due to various causes (Fig. 2) .
Algorithm (Fig. 3) gives a gist of the entire programme.
Discussion
In our study, the possible burden of hearing impairment was evaluated in babies born in a rural based hospital in Gujarat.Total 2534 neonates were screened, out of them 52 failed and 2482 (97.94 %) neonates passed in the 1st DPOAE test with 2.05 % refer rate. Total 7 (2 per 1000) neonates were detected with hearing impairment 10 % neonates had one or other high risk factor. Out of high risk neonates, 1.8 % were diagnosed with hearing impairment in high risk group. Overall the follow-up rate was 72.7 %. A number of limitations were noted. A noiseless nursery like surrounding was required and hence the infant had to be physically transported to the audiology room for testing. Occasionally the babies woke up during the test and started crying. The test could only be conducted when the babies were in deep sleep which was difficult to plan. Next, conducting a follow up from 1st DPOAE to 2nd Rescreening and then for BERA testing was probably the greatest obstacle in our setup. This was solved by coinciding the immunization visit with screening. The biggest hurdle was convincing the parents/family of the need for fixation of a hearing aid in ABR abnormal babies, probably attributable to the stigma attached to it. Confirmation with BERA showed moderate to severe SNHL-7 cases (5 à High risk ?ve, 2 àHigh risk -ve). 2 HR -ve neonates brought by the parents at the age of 13 and 18 months respectively, confirmed by abnormal BERA waveform Fig. 1 showing results of 2nd DPOAE testing. Two additional babies, initial screening showed DPOAE PASS with HR -ve, were diagnosed with hearing loss by BERA at the age of 13 and 18 months Fig. 2 Distribution of BERA tested cases Screening coverage was 97.42 %, which was better than the recommended bench mark of [95 % by JCIH 2007 suggesting, that screening is feasible [7] . Out of 2534 neonates only 52 (2.05 %) failed the initial or first screening with DPOAE test. The 2.05 % refer rate is within the recommended benchmark of \4 % [7, 8] . Of the total 2534 neonates screened by the two stage DPOAE hearing screening protocol and final confirmatory test with BERA at the age of three months, we could detect a total of seven neonates (2 per 1000) with hearing impairment. This was in agreement with the other studies which respectively stated that the average incidence of hearing impairment in neonates was 1.8-4.00 per 1000 [9] [10] [11] [12] [13] . However, one study from Cochin shows hearing loss in 10.3 per 1000 in high risk category [14] . In a study previously done in our institute, the prevalence of hearing loss in children \2 years was only 10.8 per 1000 [15] .This could have been because we had included children\2 years who came with complaints of hearing impairment or speech difficulties.
In the last 10 years, three studies based on universal neonatal studies are running in the country, one each in the north, south and west [11] [12] [13] . The study protocols have significant overlapping to ours. The study from north and south had coverage of 80-84 % which was lower than ours.
The referral rate after 1 st DPOAE screening of the Vellore study matched with ours of 2 %. However, the study from Delhi showed a marginal 4.1 % and the study in Pune saw a refer rate of 9.5 %; both rates being higher than the recommended benchmark of \4 % [7] . The prevalence of hearing loss in all three was identical of 2-4 per 1000. Another study found the incidence rate of 5.6 per 1000 [16] . All these studies conclude that universal hearing screening is feasible, even though follow-up was their greatest obstacle. Recruitment and training of technical staff were the pillars to these studies. Follow-up rate is the most significant determinant of the efficacy of the programme. In our study, the follow-up rate after 1st DPOAE screening was 73.09 % which does not meet the benchmark recommended by JCIH 2007 [7] . However, the follow-up rate after 2nd DPOAE for confirmatory diagnostic BERA test was 100 %. On evaluation of lost to follow up we realized that convincing the parents of neonates to come for follow up was indeed the most challenging task at hand, attributed to their unwillingness to submit their child to additional testing. Some parents believed that their child responded to sound and hence ignored the audiologist's advice. Other reasons for lost follow-up include, difficulty travelling from the patient's house to the hospital, mainly due to the large distance. Additional factors were unreported change of patient address, financial constraints, and the parents' inability to take time off from work. During the initial hearing screening, we conducted counselling and awareness regarding hearing impairment due to which we were able to correctly diagnose two more neonates who were initially screened out and were not associated with any risk factors, but were brought back for further evaluation by the concerned parents, and were confirmed for hearing impairment.
Most countries have well established hearing screening programs for newborns, it is not mandatory but their policies are drafted towards early detection of congenital hearing loss. India is also quickly adopting early detection measures, where in congenital deafness is 1 of the 9 diseases included in the Rashtriya Bal Swasthya Karyakram (RBSK) that mandate screening protocols and early intervention services [17] . India has one of the largest newborn population in the world making universal screening an uphill task, as documented by John et al. [18] . However, the aforementioned study followed an inflexible inclusion criterion and relied majorly on the working hours whereby a greater bulk of the society is bound to get missed. Our study based in a rural area has shown its acceptance and feasibility in a rural setup. A survey to evaluate presence of such programs in India showed that dismal 38.09 % medical colleges had such a program [19] . This survey had a very poor response rate of 17 %, and even though it was sent out to only 165 medical colleges and 20 audio logical institutions, it is possible that the presence of such universal screening is very poor in India. Therefore, it is safe to say that the RBSK is bound to fail unless capacity is built up rapidly. A feedback study done to evaluate the parents' perception to universal neonatal hearing screening gave positive results [20] . Universal hearing screening programs have lowered that age of identification of congenital deafness to 9.59 months, however it is still lower than the target of 3 months as per JCIH [7, 21] . According to an informal consultation held at the WHO headquarters in 2009, there is lack of epidemiological data regarding the incidence of neonatal hearing loss in most countries [22] . This study helps in summating the database regarding the incidence of neonatal hearing impairment in India. The main aim of the programme was to detect neonatal hearing loss at the earliest; but at the same time we educated every parent or guardian regarding the need. Whatever may be the result of the hearing screening, the parents were counselled to remain vigilant on their babies' behavioural response to sound, because the test was not infallible and needed to be complemented by other methods also. The increased knowledge and awareness in the minds of the parents was responsible for the co-incidental identification of two false negatives.
Conclusion
This study was performed over a period of 3 years in a tertiary care hospital with minimal allocation of resources and according to a simple protocol. Despite its challenges this study generated data that can potentially be compared to nationwide statistics. A state or nation-wide study can be planned using the same principles with screening centres spread across the districts. Gujarat has an electronic capture system in which new-borns are tracked using eMamta for antenatal care, delivery status and immunization. Incorporating hearing screening program into this system is highly possible and would allow better follow up and tracking of new-borns with failed screens. There would also be a need for non-specialist staff in order to achieve a satisfactory referral rate with the two stage hearing screening protocol. Finally, the role of greater public awareness cannot be over emphasized in early screening for neonatal hearing loss.
